To continue evaluation of the use of acyclovir suppression in late pregnancy after first episode genital herpes simplex virus (HSV) infection, using an open-label study design. Methods: Ninety-six women diagnosed with genital herpes for the first time in the index pregnancy were prescribed suppressive acyclovir 400 mg orally three times daily from 36 weeks until delivery in an open-label fashion. Herpes cultures were obtained when patients presented for delivery. Vaginal delivery was permitted if no clinical recurrence was present; otherwise a Cesarean delivery was performed. Neonatal HSV cultures were obtained and infants were followed clinically. Rates of clinical and asymptomatic genital herpes recurrences and Cesarean delivery for genital herpes were measured, and 95% confidence intervals were calculated. Results: In 82 patients (85%) compliant with therapy, only 1% had clinical HSV recurrences at delivery. In an intent to treat analysis of the entire cohort, 4% had clinical recurrences (compared with 18-37% in historical controls). Asymptomatic shedding occurred in 1% of women without lesions at delivery. Two of the four clinical recurrences were HSV-culture positive. No significant maternal or fetal side-effects were observed.
As many as 5% of women have a history of genital herpes and are at risk for transmitting herpes simplex virus (HSV) to their infants during delivery, should they have a peripartum recurrence 1 . Many of these women will experience their first episode of genital herpes while they are pregnant, and they have a high risk of recurrence at the time of delivery 2, 3 . To avoid intrapartum HSV exposure and neonatal infection, it is currently recommended that pregnant women with visible genital herpes lesions or prodromal symptoms at the time of labor undergo Cesarean delivery. Gravidas without visible lesions or prodromal symptoms should be allowed to continue in labor, because they have a low risk of neonatal HSV transmission 4 . Using these guidelines, it is estimated that one poor neonatal outcome from HSV infection is averted (at a cost of 2.5 million dollars) for every 1580 Cesarean deliveries performed for maternal clinical HSV recurrences 5 .
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Correspondence to: L. Laurie Scott, MD, 580 NW 108th Avenue, Plantation, FL 33317 We previously reported a randomized, controlled trial that compared acyclovir suppression with placebo in the last several weeks of pregnancy. We asked whether acyclovir treatment could decrease the incidence of clinical herpes recurrences and thereby decrease the need for cesarean section for this indication 2 . In compliant patients none of the acyclovir-treated ones had a recurrence at the time of delivery, compared with 36% of the placebo-treated patients. In an intent to treat analysis, 8% of the acyclovir-treated patients, and 34% of the placebo-treated patients, had a recurrence at delivery. The differences between treatment groups in both analyses were statistically significant, although the number of patients enrolled in the initial study was relatively small (n = 46). The purpose of the present study was to extend our investigation of the effect of suppressive acyclovir on recurrent genital herpes after a first episode infection in pregnancy, using an openlabel study design.
PATIENTS AND METHODS
Eligible patients included any gravida whose first clinical episode of genital herpes occurred during the index pregnancy. All denied a prior diagnosis of herpes, or having had similar lesions before becoming pregnant. The diagnosis was confirmed by a positive viral culture for herpes simplex virus, but viral typing was not performed. Women with primary infection, women with first genital, nonprimary episodes, and women with a first clinical episode of recurrent disease were all eligible 6 . Serology was not performed to distinguish between these groups of patients. Exclusion criteria for enrollment included a serum creatinine level greater than 1.5 mg/dl, immunosuppressive diseases (e.g., human immunodeficiency virus infection), a known requirement for Cesarean delivery (e.g., previous Cesarean with a classical uterine incision), enrollment in another study protocol, a gestational age of greater than 36 weeks upon identification, delivery before 36 weeks' gestation or previous acyclovir intolerance. Subjects were excluded from evaluation of efficacy for voluntary withdrawal, noncompliance with the study protocol, loss of follow-up for delivery, or delivery within one week of beginning treatment.
A patient was considered to be noncompliant if she had not taken any study medication for 7 or more days prior to delivery. An intent to treat analysis was performed, which included all patients with known outcomes. Informed consent was obtained from eligible patients by 36 completed weeks of gestation. At 36 weeks' estimated gestational age, patients were prescribed acyclovir 400 mg orally, three times daily until delivery. The women were evaluated weekly after 36 weeks' gestation and were questioned at each visit about genital lesions, prodromal symptoms, compliance, and side-effects from the treatment. An examination for genital HSV lesions was performed at each visit. HSV cultures were obtained only if the patient described prodromal symptoms or if a lesion was identified. The collection, handling, and culture techniques have been described previously 2, 7 . Upon presentation for delivery the patients were examined for genital lesions and questioned regarding prodromal symptoms. Herpes cultures of the usual lesion site and cervix were obtained to detect asymptomatic viral shedding. Asymptomatic shedding was defined as a positive maternal HSV culture in the absence of prodromal symptoms or visible lesions. Any visible genital or cervical lesions were also cultured for HSV and classified as clinical recurrences. Obstetric housestaff or nurse practitioners who had been instructed in proper viral culture collection techniques obtained the samples from patients upon admission to the labor and delivery unit. The acyclovir was not continued intrapartum. Patients underwent Cesarean delivery if prodromal symptoms or lesions suspicious for genital herpes were present, regardless of the length of time the amniotic membranes had been ruptured. They were allowed to labor if prodromal symptoms and lesions were absent.
The pediatricians were informed of the mother's participation in the study and a physical exam was performed upon the infant's admission to the newborn nursery. Neonatal HSV cultures were taken from the conjunctiva, oropharynx, and rectum 24-72 hours after delivery. The infants were observed for clinical evidence of acyclovir toxicity (abnormal renal, liver or central nervous system function) and HSV infection. Prophylactic acyclovir therapy was not administered unless the infant was exposed to an active herpes lesion; treatment was left to the discretion of the attending pediatrician. Mothers were instructed to contact the investigators for any problems in the first month after discharge and the infants' medical records were reviewed at least 1 month after delivery.
Apart from the fact that patients were treated in an open-label fashion, this study protocol was the same as the one used in our earlier randomized clinical trial 2 . The primary outcome measured was the frequency of clinical genital herpes recurrences at delivery. Secondary outcomes were the rate of asymptomatic and total HSV detection by culture and the frequency of cesarean delivery for genital herpes. Rates and exact 95% confidence intervals were calculated. The Food and Drug Administration granted an Investigational Drug Number for this protocol, and the investigational review boards of the University of Texas Southwestern Medical Center, Parkland Health and Hospital System and St Paul Medical Center granted approval for the study.
RESULTS
Ninety-nine patients with a diagnosis of first episode genital herpes during pregnancy were eligible and agreed to participate in the open-label trial. Seventeen women began but did not complete the study protocol, of whom 3 were lost to follow-up. These 14 women were excluded from the evaluation of the efficacy of the therapeutic regimen, but all 96 patients with a known outcome were included in the intent to treat analysis 8, 9 . The mean gestational age at diagnosis of the first herpes outbreak was 21.1 weeks. The mean total number of herpes outbreaks (including the initial outbreak) during the pregnancies was 1.3. Other maternal characteristics are provided in Table 1 . Eighty-two patients completed the study protocol. One (1.2%) patient had clinically-evident genital herpes recurrence at delivery and required a Cesarean for HSV. Her HSV culture was negative. Asymptomatic shedding was documented in 1/70 (1.4%) patients who had a herpes culture at presentation for delivery ( Table 2 ). The 14 women with known outcomes who were not evaluable were analyzed. Six women delivered within 1 week of starting prophylaxis, five withdrew from the study and three women were noncompliant. Three of these women (21%) had clinical recurrences at delivery, and two of the three (67%) were HSV-culture positive. Eight of the other 11 women had HSV cultures performed at delivery, and all were negative.
The 82 women who completed the trial were combined with the 14 women who were not evaluable for efficacy. In this intent to treat analysis, four of 96 (4.2%) of the women had a clinical Table 2 Genital herpes recurrences at delivery recurrence of genital herpes at labor and underwent Cesarean delivery. Two of the four women (50%) with clinical recurrences at delivery had positive genital HSV cultures. Asymptomatic HSV shedding occurred in 1.3% (1/78) ( Table 2 ). The mean gestational age at delivery was 39.1 weeks and the mean birthweight was 3279 g. All but one infant had 5-minute Apgar scores greater than 7. One infant received prophylactic antiviral therapy for 3 days. This neonate was from a noncompliant mother who had prolonged ruptured membranes in the presence of a genital herpes lesion and underwent Cesarean delivery. The infant's HSV cultures were negative, and he ultimately did well. Although no infant had clinical evidence of neonatal herpes, one did have a positive HSV culture when tested at less than 24 hours after delivery, a breach of the study protocol. The mother was clinically asymptomatic, and the maternal HSV cultures obtained at presentation for delivery were negative. The infant was observed without treatment. Repeat herpes cultures obtained at the appropriate time, between 24 and 72 hours of life, were negative. No infant experienced any clinically apparent neurological, hepatic, or renal complications or other adverse effects attributable to acyclovir during the neonatal period.
DISCUSSION
Historically, women with a first episode genital herpes outbreak in pregnancy have a high rate of recurrence (18-37%) at delivery 2, 3, 10 . In an effort to prevent intrapartum herpes virus transmission, obstetricians generally resort to Cesarean delivery when patients present for delivery with recurrent genital HSV lesions or prodromal symptoms. Under current guidelines a vaginal delivery is appropriate in the absence of these findings 1, 4 . Daily acyclovir therapy suppresses recurrent genital HSV outbreaks in the nonpregnant adult 11 , and this treatment has been shown to help prevent herpes reactivation at delivery 2, 11, 12 . Our study provides further evidence that acyclovir suppressive therapy in the last several weeks of pregnancy decreases genital herpes recurrences at the time of delivery in women whose first genital herpes episode occurred during that pregnancy. However, acyclovir suppression does not completely eliminate the possibility of clinical reactivations, asymptomatic shedding, or even neonatal exposure to HSV.
A theoretical concern has been whether symptomatic recurrences would be converted to asymptomatic shedding episodes by suppressive treatment, thus potentially increasing an infant's perinatal exposure to HSV through a vaginal delivery. Acyclovir suppression in nonpregnant patients decreases asymptomatic shedding by up to 96% 13 , however this association has not been evaluated in pregnant women. The reported incidence of asymptomatic HSV shedding at any given time in pregnant women with genital herpes is about 1-2% [14] [15] [16] . In the present study suppressive acyclovir therapy decreased the frequency of recurrent HSV lesions without apparently increasing the frequency of asymptomatic viral shedding. These results are reassuring, although they do not demonstrate the same decrease in viral excretion as reported for nonpregnant patients.
On short-term follow-up there were no clinically apparent adverse effects on any of the neonates who had prenatal exposure to acyclovir, 1200 mg daily, at term. Our previous study 2 , and those of Stray-Pedersen 12 and Brocklehurst and colleagues 10 do not indicate that any harm is caused by maternal acyclovir suppression. Data from the Acyclovir in Pregnancy Registry do not suggest adverse outcomes attributable to acyclovir in over 1000 prenatal exposures at various gestational ages 17 . Additional anecdotal evidence of acyclovir safety is provided indirectly through reported pediatric clinical experience. Both term and preterm infants treated daily with intravenous acyclovir tolerate the drug well 18, 19 . Furthermore, the fetal serum levels in gravidas taking 1200 mg acyclovir daily have been reported to be much lower than the acyclovir levels achieved during neonatal parenteral treatment [18] [19] [20] . The lack of adverse effects is reassuring. However, in the absence of large, controlled trials specifically designed to assess neonatal outcomes, including hematologic, renal and hepatic parameters, it cannot yet be concluded that prenatal suppressive acyclovir therapy is completely safe for the fetus. Further evaluation of short-and long-term neonatal outcomes is necessary.
The major limitation to the study is that it was an open-label trial, rather than a double blind, prospective, randomized study. Although the study design is not as rigorous, we felt that it was not ethical to continue the randomization to placebo once the earlier study demonstrated a significant benefit. Other limitations include not identifying HSV type and lack of discrimination between primary, first-episode nonprimary, and first clinically apparent recurrent disease. However, at this time, reliable herpes simplex type-specific serology was not available outside reference laboratories. Our study design reflected the level of information most clinicians would have, that is clinical history and herpes culture results.
When the findings in this cohort are combined with those from our previous randomized trial, the clinical experience with prophylaxis in this group of women with genital herpes is enhanced. Using the evaluable patients in both groups, 1/103 (1.03%; 95% CI, 0.02-5.3) had clinical recurrences. Using all the treated patients in both groups, 6/122 (4.9%; 95% CI, 1.83-10.4) had clinical recurrences. These combined frequencies are dramatically and consistently low given the high rate of expected recurrences of 34-36% from our placebo-treated cohort in the previous study 2 . Furthermore, the observed rate of recurrences in patients who stopped taking suppressive therapy in this study (3 of 14 or 21%) and in the combined cohort (5 of 19 or 26%) underscores the high activity of disease in this group. It also emphasizes the increased risks of recurrence associated with noncompliance.
CONCLUSIONS
This study demonstrates that acyclovir suppressive therapy given from 36 weeks' gestation until delivery prevents recurrent genital HSV at the time of delivery and is associated with a low frequency of cesarean section for recurrent genital herpes in women who experienced their first episode of genital herpes earlier during the pregnancy. This benefit confirms and extends our previous findings outside a randomized trial. Although the small sample size does not provide sufficient power to draw conclusions regarding the impact of acyclovir suppression of asymptomatic viral shedding or fetal outcome, no changes were detected in the rate of asymptomatic HSV shedding at delivery nor were any short-term, adverse neonatal effects detected.
